Text: 1338 words Conflict of interest: We declare no conflict of interest.
Histological study revealed that the mass consisted of pheochromocytoma and ganglioneuroma respectively producing catecholamines and VIP. In immunohistochemical staining of neurofibromin, pheochromocytoma and ganglion cells showed positive staining, whereas nerve bundles and Schwann cells showed negative staining. We concluded that the patient had hypokalemic rhabdomyolysis due to watery diarrhea, hypokalemia, and achlorhydria (WDHA) syndrome, which was induced by VIP-producing composite pheochromocytoma. Composite pheochromocytoma is neuroendocrine tumor that is composed of pheochromocytoma and ganglioneuroma, both of which is neural crest derivatives. Deficiency of neurofibromin in Schwann cells might have played an important role in the development and the growth of the composite pheochromocytoma in this patient. An abdominal CT scan revealed a mass of 10 cm in diameter in the left adrenal gland ( Fig.1 ). 131 I-labeled metaiodobenzylguanidine (MIBG) scintigraphy showed uptake in the left adrenal gland. An endocrinological study was then performed. Plasma levels and 24-hour urinary secretions of catecholamines were greatly increased. Plasma level of VIP was also elevated to 645 pg/ml (Table 1) . Plasma levels of other adrenal hormones (cortisol, aldosterone and deoxycorticosterone) and other gastrointestinal hormones (gastrin, somatostatin, glucagons) were within normal ranges.
We concluded that she had hypokalemic rhabdomyolysis due to watery diarrhea, hypokalemia, and achlorhydria (WDHA) syndrome, which was assumed to be induced by VIP-producing pheochromocytoma. She underwent surgical removal of the tumor.
Catecholamine and VIP levels returned to normal ranges (Table 1 ) and the diarrhea subsided soon after removal of the tumor. The patient was discharged and has not received any medication since discharge. She has been well without any sign of recurrence.
The tumor measured 11 x 13 x 7 cm and weighed 460 g. It was soft and brownish, -4 -and it had a thin capsule. Multiple cystic degeneration and necrosis were seen on a section view (Fig.2 ). In the low power observation, the tumor was well defined from normal tissue. The adjacent adrenal grand was intact. Two different components were recognized in the tumor. The first component showed the typical zellballen pattern with high cellularity, and the second component showed relatively loose wavy pattern with fibrous stroma. The two components were separated but partially merged each other (Fig.3A ). In the high power observation, pleomorphic small cells with abundant granules were arranged in nests (pheochromocytoma) (Fig.3B ). Large cells with abundant cytoplasmic processes (ganglion cells) were scattered or aggregated within the proliferating nerve bundles and Schwann cells (ganglioneuroma) (Fig.3C ). Kimura (Department of Pathology and Laboratory Medicine, Tohoku Rosai Hospital, Sendai) as described previously (2) . Pheochromocytoma cells and ganglion cells were stained positively for chromogranin A, synaptophysin and NSE. The ganglion cells were strongly positive for VIP stain (Fig.4A) . Nerve bundles and Schwann cells were -5 -immunoreactive for vimentin, S-100 protein and neurofilament. Pheochromocytoma and ganglion cells showed positive staining for neurofibromin, whereas nerve bundles and Schwann cells showed negative staining (Fig.4B ). Tumor cells showed negative immunoreactivity to pancreatic polypeptide, calcitonin, glucagon, serotonin, somatostatin and gastrin.
Cells
In electron microscopic analysis, high electron density core granules with wide halo (nor-epinephrine granule) and relatively low electron density core granules without halo (epinephrine granules) were observed in pheochromocytoma cells.
DISCUSSION

WDHA syndrome is caused by VIP-producing tumors (VIPomas). Although most
VIPomas arise in the pancreas, as many as 20% of these occur in extra-pancreatic sites (3) . Adrenal pheochromocytoma could be one of the extra-pancreatic VIPomas.
Previously, sixteen cases of VIP-producing adrenal pheochromocytoma have been reported (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Thirteen of those cases had clinical symptoms of watery diarrhea.
Muscle weakness (4, 6, 10, 12, 17) was commonly observed in these cases possibly related to associate hypokalemia. All cases became free from such symptoms after resection of the tumor. Many cases did not show typical symptoms of pheochromocytoma such as hypertension (6, 8, 10, 12, 13, 15, 16, 18) . It is suggested in some reports that excessive VIP acts as a vasodilator and masks the vasospastic symptoms of catecholamines.
Eleven cases were histologically diagnosed as pheochromocytoma (5) (6) (7) (8) (9) (10) 12, 15, (17) (18) (19) and only 5 cases were diagnosed as composite pheochromocytoma as our case (4, 11, 13, 14, 16) . In cases of composite pheochromocytoma, it has been reported that the pheochromocytoma component and the ganglioneuroma component produced catecholamines and VIP, respectively, as in our case (4, 11, 13, 14, 16) . Only one of -6 -these 16 cases of WDHA syndrome due to VIP-producing pheochromocytoma was reported to have a genetic background of NF1 (18) .
NF1 or von Recklinghausen's disease is characterized by proliferation and malignant transformation of neural-crest derivatives. NF1 is an autosomal dominant disorder, which is caused by single loss-of-function allele of the gene designated NF1 (20) .
Neurofibromin, the product of NF1, contains a region homologous to mammalian RasGTPase-activating proteins that function as negative regulators of Ras by accelerating the conversion of Ras-GTP to Ras-GDP (21) . The NF1 gene appears to act as a tumor suppressor gene. Thus, it is conceivable that patients with NF1 have a higher incidence of malignancy. It has been reported that the incidence of pheochromocytoma in patients with NF1 is 10-times higher than that in the general population (22) . Composite pheochromocytoma, known as mixed neuroendocrine and neural tumor, has been reported to be associated with NF1 (2) . The role of neurofibromin in neurofibromas in NF1 patients has been extensively studied.
Neurofibroma is a mixed tumor that consists all neural crest derivatives. It has been reported that only Schwann cells lose neurofibromin expression, whereas other components of neurofibroma retain neurofibromin expression (23) . Zhu et al. demonstrated that loss of neurofibromin in Schwann cells (NF1-/-) is sufficient to generate a neurofibroma in a heterozygous (NF1+/-) mouse, which is considered to be counterpart model of human NF1 (24) . Composite pheochromocytoma is also mixed neuroendocrine tumor that is composed of pheochromocytoma and ganglioneuroma, 
